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1 

S^ftHff^—/HB*s»»tb*fCV^5 title, mriBttiJEE 

[W*3S2] W#*lEtt©fl»©l*tf|*e<e) , tt 

#, ±IS^gP*S, 20 
5 0 / a 2 • ( 1 + cos 0 (e) ) > r • co 2 

* 5 r. i i -r z> wiEM&mw.. 

im^ix^nmnhth. r*tfe stamps u^^s*^ 
ie^-r § ± ^ it e> v ^ r t sr^m t -r s mm. 
m^mm. 30 

[«i#B6j »*35ife«c»^SB(ort^ 0 (e) 9 

0° ^L16 0° <Dffi,Wftizs&>££ttx\,^z>- iSriRF 

racO^S^WSEfflla^, 0. 5mmWTIelS:^£*l,T 
V > -5 r t Sr4#m £ -t 5 »ffi#S^go 
[»#Jg8] lt*JS4fE«»ttftijW^g|5^ % 1facr>fi\-m 40 

* r. i * w« i -r 5 ifjffitts^eo 

[»**9l 8 8t#«<0 

'±SE«*t»ie*jit5Biipa»w*jit5fl&*«©i»a*> 

[JB9!e>l&M*K9I] 

[000 1] 
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*WK)JEIc < t'3tti:^tfii:^1 : i*f6<)lelH]SSSifiE 
ic^-TSi 5ie«^Ufc»E«iSSHaieBi-t-5o 

[0 0 0 2] 

•So ::©S>ffiWig:3£gi;:*JV^-ci4, WfiiJcoSfiEESt, # 
©^ja«l=SfS©l»IB]Sr^b-C«c'g-$ixfc^«ffil©»ffi 
Si*sjllttie»iaiE«$ix-CV^5i: t fcK, rtttma* 
\ft®mm<0 o k t— *«fc»ffi385feffl»*s» 

/&£*i,-C:fo!3, ±Ettt*].«fi:<OH*tiaiBBIWlc^ft*ix 
fc^-MfcsSrJ&oHHWMjiS, E^B*lct()£E^^fflfl|C> 
#>-fc> IAMBIC J; 9#JE£*U S^«^JwKiJEie± 
oTP)lSJ*t* s ti*l-6<Jle|H]teWteie^«f$ix5J; 5lc/io 

[0003] r (D 4 5 leSbJIttSigeT-l*, afW yH&© 
ffi«t#J (WT, <^ 5. ) ^WggBrtte^L 

mm&&mktez>o t<r>mmM<r>->-^mmk lt^h 

«=t}£r#"Jffl Ltzh&AK mZ-tfs %fWms 8-5 0 3 2 
1 #4**, #HflB§ 6 3- 1 6 7 1 1 1 #4i$8, *H*H¥ 
5 112 14 2^«^{C*JV>Tti|g^nr^S„ rtt 
b KM* $ ftfe^ftltf * v—/Mfli£T-|4, ttSSCW^ffiiJ 

m p sp^ic , # i *Mgj i o fsi co mm znw k m o xmist 

[0004] 

ttMR3 5 8-5 0 3 2 1 ^«S.T/*IS#fff 5 1 
12 14 2 #^:«E««?§fi«Tf 14, ^tfSliBllCffi^ffiE^ 
»itb*fCv^feft» 4#IC *iSlHHEi*<*oj:5fcj*^ 
^J2is§fi<«!)v^»-g-lcl4, v—/wfS^Mffi±lefc5«jt 

8-5 0 3 2 1 -i§-<&$8l£t2, 7 j/**«5»Bl«*»P,*5 
Stt^JSr^-^ffi^Sle^i-Sw t^^^^TV^S 

-Cfot), *fc***jSS«v^«>iH^ttHIHI)H*«*>»), $ 

[0 00 5] wtllC*|-LT, #5|Bg6 3-167111 
#4*«flE*<7>3S«© i p ic, WffilJlc^— ywffl^ffiSrSlt 
Sipiei-tufi, ±^Ufcjt^*tJRi 14*5*5, — « 
le#(4, «6#AtbSUS«e©J;5*WSI*r«-*»6>»** 

nsfcfe, ttwic-^— /v®&m*w*&-rz r t (4«^t? 

*fc*jfi©«tplC/J^WttSrfflV^5*&-g-lci4, $4 

[0 0 0 6] ^rrT**^0Jl4, ffiMX-1&=ix h*«ifi 
rHjt^J«tt4rA«Flc|?6iii-r5r iris-etSJ; 5!eL 
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(0 0 0 7] 

flWEBHnHSrSififci-S«lRD«^iai©^ft< 1 1— *«{-*3 
[0008] ;:cd4 9 ftfflf** 1 iiWl 

— ^«fli*SA»IC«fel***t5«t 5tCftoTV^5. 20 

[0009] -rft*>*>, ±K^*fR©*»i-t±o»ttA 0 

f4&:£T-«£;ft,5„ 

e = e (f) + (18 0° - e (e) ) 

rrffl(f) f4, ¥ffi-C»P^Jt, £gB£Ht/5£i-5gB 

tttwg&fe^-efc*), e(e) i±, ^SBcort^-efe^, 0 

(f) 14, ffJhl^ogSv^lB^^Sfcft^/hSv^iis 
#*L<, &oTffiffif4*£fttt^»iaffiM*ift5^ 
WSL^. — #, — Jim 

(f) (4, .^2JS (18 0° -0(e) ) KtfcLT/h£ < ft 30 
Df+HLkO fc LTiLSt^V\ 0(e) {4. 

Tfc, *ffl±3t*««ftv^i:3JSl»B*ixfc. tfU*, 3/ 

[0 0 10] rco4 5fc, A«tt«-ftiffcA»SrR»tix 
«i, 1lli^ft«itT?A»»-t±©S5tt^Sr±»f5r £tf 5 T- 40 

[00 1 1] 2 E<ft«>»WCf±, ti*«l 

IE«O^^Ort^^0 (e) , ttro^ffiir^gBirOKf- 
*J»t5^*lRl«)IE«Sra, r, ttt^-fiii: 

5 0/a 2 • ( 1 + cos0 (e) ) > r • o, 2 

[0 0 12] -f-ftfc>*>, »**na«<o^i»i*^— /U«BJ 50 
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[0 0 13] f»*«3|Ett<O^B^T'»4, IMiJJI 

l!EttcD^gBi4> fglco^SBi:. roJBlOft»0^mi 

[00 14] r<OJ;9{^105^SP^LT^2(O^gB 

fc»£-Cfc» IB2©A»-CjB»ffl©aili*s|»±Sn5J: 
5 l^fto-Ci^-So 

[0 0 15] Ski-**:, ft*^4i2®C0^^T*l4, ft 

i ie«cd£h&i4. tt&twt««)Wflafc-t*L-?nw:tt 

(bit, mbP^^if 5 Lri5¥&#r6]fc:2tfa-r5«fc 3 

[ooi6] ;©i9 \zm&ut\-m<T>mm\'te^Tikn 

k 4 *) mm&n-Mic&wi lt # ±m&izm l-c t *^ft 
^mssih^pitg^ft5„ 

[0017] »*^5ia«<7)^0^x*(4, n*jsi 

[ooi8] i©±5^»Kjp*.r, 

t t , mmm <vmmmm a* ©hr* -e*5 - ft 5 * > 
mmm<DKi®mmmmf£< ft 3= 
[0019] m&m6mML<omwx'te, m&mi 

t^m.<D^(D^n 0 (e) 755, 9 0° ftV^L16 0° CO® 
[0 0 2 0] £ibtc, »*3S7ffi*©*We«:, »#« 

^5, 0. 5mmJWTt-tS:^$iXTV>5 0 
[0 0 2 1] £tblZ±1Z, !»*3S8|E«cCO^B^r-J4, ffi 

[0 0 2 2] — ft*JS9fagcCO^B^T-(4, if*«8 
IE«cO#{RiJco^gR(4, SStfejtcoWP«|J^*5ft5— 

a»e>ft5. 

[0 0 2 3] 

^x®mc£*)ftmiz®.w-r?> 0 *-f, ntsft^ 

icOHDD^. fcf V hVW J E~^J4, la^gBMi: LTC^f 

-^liit, rco^.^-^mi fc*tbrig^±{iw^m 

*{+tte>*bfc|HllEtt*J-i: LTcon- ; ?m2 4r*»e>«j«S 
jxT^S. ^co^ -h^-fmi f4, H^B&LfeH^ 


5 

fete, :07U- i» 1 lco»S^*SB4>tca:S:$ttfcH^: 
#12^ ll^±^^^Cf^^oTjSt/TV^5 0 r.<7>@5&M 
1 2<D^*Si&S (l2^Jb#SS|5) tt, EI^£«l&&Lfc@^ 
t c M b T * v> it ^ £ 5 o 

[0 0 2 4] _hlE:7 J* 1 1 tt, fffiRfSNfrfc 

1 3 Srfl- LT *3 Q , i ^J**^*"- 1 3 

So 

[0 0 2 5] — *\ liMBn — **&2f*, H*S:*IB&Lfc 
ttfc— ^■0^v ? T^»jiE$4Sa5 2 2 a , 22b^lt 

[oo26] ±is^n^ 2 i « % * * «?o««ia 

b^^LTiEK^^y h 2 1 c^Sit^Sl 

5 teniae £*vri^ 0 

[0 0 2 7] *fc, ±|E— M<Dv ^7^»]£WlS«fB2 2 
a, 2 2 ^>^2 l(7)rtSffi!ltcH^Sjxfc^iaii: U 

tott§^ y — :/2 2<Dfam^t, @ai2^sa 

RjffiJAS^ 2 2 a , 2 2 b^«^c-r^>35{i(C^tt^#S 

^ y —^2 2cort/^B<Jr@^ttl 2^Bffifcli, 

[0 0 2 8] -t It, ±|S#7 v^T^ibJBEttggP 2 2 
a, 2 2 bSr«fiKi-5WS^y-^2 2 irHSttl 2 i: 

(D9i?T/l'W}&$&±mffi2 3 a, 2 3 b ^gttKt-^'H" 
^T/U»JE38^ffl«2 3 a, 2 3 b(D^^t°V^ffl(C 

[0 0 2 9] *H*»ttfc*3tt5-hE«»#Ji: Utli, 

IC, Hi^fD^p^ (TMP) Xfi-O-^y 
h-^ (PE) £, R*«5-l 8^it«Xtt»(S 

9, -t^^Cfe* ^38^*S 1 0-7 g/h • cm2 (at 

40 J^TT\ 3 0 c P (at 40 < C) WT^t 
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[0 0 3 0] fcjb\ Z(Oi5*«»#JSr*liartfBlcttA 

[0 0 3 1] £h\c s ±fE@^ttl 2^5fe«{|iJ (B«-b 
HHH) coi£*g|5#l-f£, 20^7^ MUEEMSffl 6 
a, i 6 b *Mts y y 7 ^ hfi 1 6 ^at 

10 £*VC^5 0 :(0^7Xhil6(a«^^tl52o 
0*7* httJEENlSASl 6 a, 16b(t El*±ffll^ia 
U£tltt : 7iST/i'toE*b$ttil2 2 a ©H*±«lC|»»-r 

[0 0 3 2] ±15^^^ b^l 6 

KEf^jh/O^itfctc, ^7^Mi6(7)i^±« 

hif x.« 2 5 om^TSstc^s-r 6 J: 5 (cgafi^ tbr 

*59, htfjEEttggfll 6 a, 16b«t 

[0033] M6i6 y — y 

2 2 i<^2tf6]ffiif 5 l^RSK RXfXy* «16^7 
^ M¥ x.S2 5 bttfamifo ura^*3*t5#BSPflSfB^(c 
II ±^1^7^7/^11^2 2 8, 2 2 brt« 

±|B^^2 lcDlnlte^^, h»BE**ffl»<0*v 

30 (OP»jH»c4CS*fettfc«lBEfc«to-C^^2 1^^7 

[0 0 3 4] rcot#, ±fE^^^. hif x.«2 5 tt, _b 
JfiLfc*»ffittg»(Oj|ia{*«^^2 1{^LT^§ 

[0 0 3 5] Z.(0^=7^ hjf X.® 2 5 t^^2 1 t 

[0 0 3 6] ±|E^^^ hff^L«2 5RtfttS^ 

y-y2 2(c(i > ^MM (H*±«RtfTfll) ^fciSiR* 
2 6^r^LT»tg^(^^ h ys<— ffi2 7 3&si2^ bixT*5 
9, rttbP^HX^i 2 hs/^-fi 2 7 lC«t oT, 

50 *JB<o»^t?t. »»#J^«BfB*^l»JtSix5J:5^ 
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[0 0 3 7] ±5£Lfc2otf>5v ? 7/UftJEttg8P2 2 
a, 2 2 b. M2o^7^ hKjffittgS&l 6 a, 1 

6b(i mxfa\cmxf%—m<Dm&Qr$$:mf&~tz>£ : !) 

iC^lS^tLTfct), Zthh4-D(DW}^m^l 6 a , 1 
6b, 22a, 22b Sr-g"tfttS^IB^tt*rp]P5i»*B 
fl\ i-ft*>fe**Hi»»tett, mlfBH^ttl 2 £ Steffi 
<&«Mt2 2b, 2 5 t(Z>|»WSr«/WCL-C45 2«3f(Z> 
$»f^S3 la, 3 1b^ BufE4 0(Dl(jffittS 
Sl6a, 16b, 22a, 2 2b^W^MW^» 10 
if <fc 5 t^txtt^tbTV^o 
[0 0 3 8] rixb^^^jfB^i/— /W{flJ3 la, 31b 
m^Tft'J^^W^-^3 l bt4, 

T4o«9, ±9A#WKtt, Stettg^y— :^2 2 0>I2* 

Sr^/h(ci-^r k\z£oX]&&t£tiX^Z> 0 t£oT, r. 

©H*T«<z>**i«v'--/Hfi5 3 i b *m&-t z&'i-mm 

J4, 0*T«*>9 ^T/Hbffi«iS»2 2 b SrtftS-*- £R£ 

b ty ^T/vmsm^tn 2 2 b t (omm^\^, mm 

[0 0 3 9] H*-b«0*j»*Sx— yU(B3 1 a 

14, MbBEttSSBl 6 aSr«fi8+*^5^ hW*. 

«9, BIJx&Lfc;*^* hff x_«2 5(^rt^ii<hH^ttl 2 
©^JIIBff4:©nn«>BltlB«r*/hfci-*r ilUotM^ 

[0 0 4 0] rtl,^ll^JiTf^ffi'J^^^»a« : v'-^3 
la, 3 1 b {4, SK^jfSfflW v— /UlfB 31a, 31b^ 30 

*->-/HR 3 1a, 31b <0»/hHWBS:«*i-S ± p 

LTV^SMMWPfl^ffia 5 * 20//m^y00/im^ 
ncoTV^SSffiSr^ailP^— ^«S3 1 a , 3 1biLT 
V^o 40 

[0 0 4 l] mftfiLfcJ; 4ootdi£ttS:^l 6 
a, 16 b, 2 2 a, 2 2 b £r^ir_blS 2 ffigf O^fflf 

/W«B3 la, 3 1 b if 5 U<^Pfl<7)*aiS^Pfl«B^fc 
(4, »?{W[iJ^a«Lr**$ftTV^53&s, ffi»»J<OH* 

^»f^»3 1a, 3 1 bOrtSBBf3&fir|tti:>5jr5J: 
o\z®fe£tix^Z> 0 

[0 0 4 2] #J;Lf4, E2^S*tTV^5ia*Ji{B9<o^ 
ffi*45aS2 2 a^e>^«B«'>"-^SiJ3 1 a tC^JtTJBJt 50 
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»3 2*Sjg«EW«-3te«*ix-C*3 9. RW?MFJ3 2*>«« 
#E3 2 a 30«JilS^iNe«^-/HB3 1 a ©rt»afe«t>ffi« 

[0 0 4 3] U^iftiJcO^^^v^-^3 1 a Sr 

1 2 5 atf^HJCfrfcoTRttfe 

tlTV^5o Z<Df&l<Dftm2 5 a 14, ±3«Lfc*»»j3 
2CO^fi£#B3 2 a ± OJMBSMtt, -rftfct>H*±«(0 

COrt^0(e) (4, 9 0° 4V^L16 0° co^iart^^:^ 

[0 0 4 4] r<^^:#, ±12^10^1352 5 a (Dftft d 
(e) (deg) {CM It, IJttl2^Sffi^ SlOfi 
»25a b<Dm<D¥m&mz&VZ>9m&a (mm) 

H^Wl 2<^^Sr r (mm) t U BS«12 
tC*fi-5n-^ffl2(0|Hlte^l^SSrcu(rad/sec) i: Lfc 

tz, ±mmi<Dm&2 5 

5 0 / a 2 • ( 1 + cos 6 (e) ) > r • o> 2 • • • <X> 
[0 0 4 5] _b5£(Dl4, m3\Z7F£frX\s^nW&mz 
10^§P2 5 aO*ffi3R*fc±0«»#J3 2^^x.^>^ 
So i-*t>*>, m 1 <£>^£& 2 5a -CflflMI 3 2 £SlB3f 

fo<DmmM3 2\cmmK£z>]M*bt)m\\t>z>ks t^m 

'L^^*#S»Clfc«LT«»#J3 214, ^l(0^giS2 5 
a»C*5V^fiS9Ji^ofc^i:/ < c5 0 ^Lt, ^r^pg 
tttt «?±#?Ot*«t) 14, *l©ft»2 5at 
fcttSffifl ±;&S9«£dMi«R2 5 a fc@5&Wl 2 t^Rfi 

*>v^T, »lco^«fB2 5 a"effl»»j3 2Sr3£x.rv^J: 
5IS:^-rtL«pm^J3 2^fflS»tttt^^B6JhSix5 

[0 0 4 6] ^10ftgP2 5 afctett5ai«dS3t*S* 

(4. $ira#J3 2<o*ffi»*v t^te^e fcwarc*-*-:: 

itfS-C#5o *AcJi34Lfcffi|5St^ffi-COP?t»J3 2(^*0 
*?5Jt^*r4, lEl(Efc»««:c», tttfgr, HRIHH-ifea, 

— jRW*ffl»#J^ffi3B^| y f4, *3i*2 5mN4t>L 
3 0mN/m©iil:&5:W^^ ^^Sr^TfSV^iJ 

*f4(5 i: A/if^T corH^J^iiffl-rs r t ^T*# 

^0. 8^V^L1. 0<Dm&kZ>Z. kfrb 1. 

[0047] C<£>£5 ##xJC:g<^T|g 1 C0^35 2 5 
a <Drt^ 6 (e) (^ 1 8 0° - 0) XVKPJ a t , 
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fc±S<D«r»#ttiLfc. o* 90 3*4, -biELfcffifitt 
|g(Cjott^n-^COlElte^ («W:rpm) t s WS 1 <Vft 
U2 5a<DftmO(e) (tKM : deg ) fcOBMfcS:* 

a £ 0 . 1 mm iU H GO^SB 2 5 a <DF*9^ 0 (e) 
^90° mm^&^tztirtiii^ «gr^4mm > [e] 

te»a># i 5 o o o r pmtottg^-etffljiixfifir. 

O^Si5 2 5 a <h@5&ttl 2<O^ffii:C0^^^*|pJC0 
SBHal4, 0. 5mmJ^Tl-I£;££;ftT^£o 10 
[0 0 4 8] H^TfflUO^Wv— yt-SS 3 1 b 

&H/&LT^5»£*y-:/2 2^Tdg$P^t, m* 
*«rt«r*i-«JB 1 2 5 b «»#Jfl>«R#ffi 

So 

[004 9].-*, ±E«»2 5a, 2 5b^lC 
J4, te<Z>«**»A' Sr^b-C$b^S"JOf52(OA»2 5 
c, 2 5 "d^«JcK*tC>ixTV^5o -^2^SC2 
5 c, 2 5 dl4aft3SLfca*«JBi-5t>0^tt«:V^S, 
J5 — x ±11^1^2 5 8, 2 5 bfC^oTtfi 20 

SrefcoT*fcJH?f?PJ^, ^2<D^«fP2 5 c, 25dtf> 

[0 0 5 0] B(rieufcS<D^&W&^J:5f-^ 

^a52 5a^0(e) (4, |«Wla^«lSr(ORSKJ; 

^iXtCj:oT±IS^2^^a52 5 c, 2 5d^(t 
5rt3d5-C#5o ^lOft^2 5a©rtft0(e) 

l^»bo/:|^fcott), 9 2 co 

M25c, 2 5 d*:H*ta^4:^J:oT»»#J«>*HB 

[0 0 5 1] rco4: 5#«^a>S?S2 0>#8B2 5 c , 2 40 
5 dttKftfeixTV^S^. ::<£>SS2<D:£gB2 5 c , 2 5 
d^»ftffli-«»*Jtt^*4:%x.&ix5fc«>, ^^2 
(D^a52 5c, 2 5 d\a*m*mifi&ft&^Z&Ea 
*< , «ot, |g2<7>£|gB2 5 c, 25dC0rt^(4it^ 

[0 0 5 2] ±*Lfc»»irCM\ 

5>ttfc^lC0^a52 5 a, 2 5 bXU^2<0*iSB2 5 

c, 2 5 dM*Dx.t\ B£ttl 2m\ChWSl<Dft&l 2 

a, 1 2 bXtf»2<B£|fl$l 2 c, 1 2 d fl*R»* htlX 50 
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rixbHJStti 2{|ijO^lC0^^1 2 a, 12b 
Stfgl 2 <D£)gtf 12c, 1 2 d (4, B3fettl 1 2 CO^gfl 

^Qflsft^ttfcm^i 2 eOiniCi 97i£/?Sci*;h/0^ 

[0 0 5 3] ±IEH5fettl 2{HJtf>®l<E>fc«B 

12a, 12b RVi 2 <£>ft|fl5 12c, 1 2 d f4, * 7 
* H¥x.«2 5Xt«*S^y-^2 2ffiiJ{c^:tte>ttfcS 

1(7)^^5 2 5 a, 2 5bX^2^SS2 5c, 2 5 d 
[0 0 5 4] Z(Dj:5^*^iS^ffi^e^J:nt4\ ^*ffl 

1^93 13, 3 1 b[C&tfibtltzmi<DftU2 5 
a, 2 5b^I3g^ffl(Cj:oT, €aff'>-^3 

la, 3 i b<DMmmmzy£^xmML>±? t-tzmm 

M3 2fr±mmi<Dft&2 5 a, 2 5 b ^*3V^T««F* 
*U ^^^^-^3 la, 3 1 b /l^SBflSfift 

[0 0 5 5] /«c*3, |IEKigqfeix-cv^5Kiffi»iligSSll»c*3 

fett£ixT^5fc0>a$fc5„ 0*J;ifi, WBBBB5 8-5 0 
3 2 i^»|:tt, i/-^^fiil{c»iti:/j«^ 

©KWCJ:ntf, r^/h3l(4, W»#J<0«!9 

[0 0 5 6] :^j;^^afV-yva3 1a, 3 1b 
{CRit fcttfcff 1 ^^IfP 2 5a, 2 5 b (4, ttjifc Lfc5£ 

[oo5 7] zb\c^ ±mmnj&m<D&?\^ mi^n 

& 2 5 a , 2 5b (EtfMWfc:* 2 O^Stf 25c, 2 5 d ^ 
IB«£:h/0\h,fi, g|10O«a$2 5 a, 2 5bS:«rli 
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(54) HYDRODYNAMIC BEARING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To satisfactorily prevent leakage of 
lubricant by forming a capillary seal part whose clearance is 
continuously enlarged toward the outside, and forming a corner portion 
having oil repellent function on all circumference of a portion outer 
than gas-liquid boundary. 

SOLUTION: A first corner portion 25a having oil repellent function is 
frmed on all circumference of a tapered surface A of a thrust pressing 
plate 25 determining a capillary seal part 31a. Lubricant 32 is 
supported by surface tension at the first corner portion 25a. When 
centrifugal force is applied to the lubricant 32 inside the capillary seal 
part 31a due to rotation, the lubricant 32 rises at the first corner 
portion 25a in proportional to intensity of the centrifugal force. The 
maximum state of the lubricant 32 is the extent that rising thickness at 
the first corner portion 25a is agreed with a gap measurement between 
the corner portion 25a and a fixed shaft 12. Leakage of the lubricant 32 
is perfectly prevented by so setting that the lubricant 32 is supported 
by the first corner portion 25a in the maximum state. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] In the hydrodynamic bearing equipment with which fitting of the outer case is carried out to the 
periphery side of a shaft through a predetermined clearance, it is placed between the clearances between 
these shafts and an outer case by lubricant, dynamic pressure bearing is formed, and the above-mentioned 
shaft and an outer case are relatively supported by the dynamic pressure bearing concerned pivotable While 
the capillary tube seal section which comes to expand the above-mentioned clearance at least to the lateral 
part of said dynamic pressure bearing in the clearance between the above-mentioned shaft and an outer case 
continuously toward an outside is prepared Apply to the capillary tube seal section from said dynamic pressure 
bearing, fill up with lubricant continuously, and the gas-liquid interface of this lubricant is formed in the above- 
mentioned capillary tube seal circles. And hydrodynamic bearing equipment characterized by preparing at the 
perimeter the corner which has an oil-repellent function in the part outside the above-mentioned [ at least ] 
gas-liquid interface of one side of the shaft and outer case which form said clearance. 
[Claim 2] It is theta (e) about the interior angle of a corner according to claim 1. Hydrodynamic bearing 
equipment characterized by forming the above-mentioned corner so that 50/a2, and (1+costheta (e)) > r- 
omega 2 may be satisfied when the angular strain rate of r, a shaft, and an outer case is set [ a distance 
radial / between the peripheral face of a shaft, and a corner ] to omega for the radius of a and a shaft. 
[Claim 3] the 2nd corner by which the corner according to claim 1 was prepared in the outside of the 1 st 
corner and this 1st corner — since — the hydrodynamic bearing equipment characterized by becoming. 
[Claim 4] A corner according to claim 1 is hydrodynamic bearing equipment characterized by being prepared in 
the both sides of a shaft and an outer case, respectively, and being prepared so that both [ these ] corners 
may counter radial. 

[Claim 5] Hydrodynamic bearing equipment characterized by arranging the absorption cloth for capturing 
lubricant on the outside of a corner according to claim 1. 

[Claim 6] Interior angle [ of a corner according to claim 1 ] theta (e) Hydrodynamic bearing equipment 
characterized by being set up within the limits of 90 degrees thru/or 160 degrees. 

[Claim 7] Hydrodynamic bearing equipment characterized by setting the distance a radial [ between a corner 
according to claim 1 and the peripheral face of a shaft ] as 0.5mm or less. 

[Claim 8] Hydrodynamic bearing equipment characterized by forming the corner by the side of a shaft 
according to claim 4 from the verge-of-opening section of the circular sulcus cut in the periphery section of a 
shaft. 

[Claim 9] The corner by the side of a shaft according to claim 8 is hydrodynamic bearing equipment 
characterized by consisting of the 1st corner formed from the edge of the one side in opening of a circular 
sulcus, and the 2nd corner formed from the edge of the other side in opening in the above-mentioned circular 
sulcus. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention makes lubricant generate dynamic pressure, and relates to the 
hydrodynamic bearing equipment constituted so that a shaft and an outer case might be relatively supported 
free [ rotation ] with the dynamic pressure. 
[0002] 

[Description of the Prior Art] In recent years, the hydrodynamic bearing equipment which used the dynamic 
pressure of lubricant, such as oil, in various equipments, such as a motor, so that it could respond to especially 
high-speed rotation is examined variously, and is proposed. While opposite arrangement of the dynamic 
pressure side by the side of the outer case by which fitting was carried out to the dynamic pressure side [ by 
the side of a shaft ] and periphery side of a shaft through the predetermined clearance is carried out in this 
hydrodynamic bearing equipment at the shape of a periphery The slot for dynamic pressure generating is 
formed in one side for inside [ it is both / these / the opposite dynamic pressure side ] at least. The pressure 
up of the predetermined lubricant, such as oil which intervened among both the opposed faces of the above- 
mentioned shaft and an outer case, is carried out by pumping operation of the slot for dynamic pressure 
generating at the time of rotation, and both members are relatively supported by the dynamic pressure of the 
lubricant concerned pivotable. 

[0003] Thus, with hydrodynamic bearing equipment, since it has lubricant (only henceforth lubricant), such as 
oil, in bearing circles, the seal structure for preventing the external leakage of lubricant is needed. What used 
the capillary tube force as seal structure of the lubricant is proposed in JP,58~50321 ,A, JP.63-1671 11, A, a U.S. 
Pat. No. 51 12142 number official report, etc. With the capillary tube force seal structure indicated by these, the 
seal inclination wall surface is prepared so that the clearance between a shaft and an outer case may be 
continuously expanded to the outside outlet part of bearing toward an outside. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following problems in each conventional 
hydrodynamic bearing structure mentioned above. When a centrifugal force works strongly like at the time of 
high-speed rotation especially, the lubricant on a seal inclination wall surface will be blown away along with the 
seal inclination wall surface concerned, and it may stop first, achieving a seal function with equipment JP,58- 
50321, A and given in a U.S. Pat. No. 5112142 number official report, since the inclination wall surface is 
prepared in the outer case side. Although applying to a seal inclined plane the oil repellent agent which consists 
of resin of a fluorine system etc. is indicated by JP, 58-50321, A, difficult, since the adhesion force is weak, 
applying with a sufficient location precision to an inclined plane has a problem in endurance, and it will become 
still more expensive. 

[0005] On the other hand, when forming a seal inclined plane in a shaft side will generally use the shaft of a 
minor diameter like recently easily [ since a shaft is formed from hard material, such as quenching SUS, ] like 
equipment given in JP,63~1671 1 1 t A although it becomes the cure against a centrifugal force mentioned above 
if a seal inclined plane is established in a shaft side, rigid lack of a shaft becomes remarkable and it may be 
unable to adopt. 

[0006] Then, this invention is structure [ that it is simple and low cost ], and aims at offering the hydrodynamic 

bearing equipment which enabled it to prevent lubricant leakage good. 

[0007] 

[Means for Solving the Problem] In order to attain such a purpose, in invention according to claim 1 In the 
hydrodynamic bearing equipment with which fitting of the outer case is carried out to the periphery side of a 
shaft through a predetermined clearance, it is placed between the clearances between these shafts and an 


http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgLejje 


2004/05/07 


2/8 ^— v 


outer case by lubricant, dynamic pressure bearing is formed, and the above-mentioned shaft and an outer case 
are relatively supported by the dynamic pressure bearing concerned pivotable While the capillary tube seal 
section which comes to expand the above-mentioned clearance at least to the lateral part of said dynamic 
pressure bearing in the clearance between the above-mentioned shaft and an outer case continuously toward 
an outside is prepared Apply to the capillary tube seal section from said dynamic pressure bearing, fill up with 
lubricant continuously, and the gas-liquid interface of this lubricant is formed in the above-mentioned capillary 
tube seal circles. And the corner which has an oil-repellent function is prepared in the part outside the above- 
mentioned [ at least ] gas-liquid interface of one side of the shaft and outer case which form said clearance at 
the perimeter. 

[0008] According to such a means according to claim 1, the lubricant which is going to flow out along with the 
inclination wall surface of the capillary tube seal section is held in a corner according to the surface tension 
operation of a corner prepared in the capillary tube seal section, and the seal function of the capillary tube seal 
section is maintained good. 

[0009] That is, the apparent contact angle theta of the above-mentioned corner is expressed with a degree 
type. 

Theta=theta (f) + (180 degree-theta (e)) 

It is theta (f) here. It is the contact angle of the lubricant in a flat surface, and the member which constitutes a 
corner, and is theta (e). It is the interior angle of a corner, theta (f) In order to acquire the strong capillary tube 
force at the time of a halt, it is desirable to become the concave configuration of curvature with a big oil level 
with the smaller desirable therefore one. The metallic material generally used on the other hand is 1st term 
[ since it gets wet well to lubricant / in an upper type ] theta (f). As compared with the 2nd term (180 degree- 
theta (e)), it becomes small, and does not interfere as count top 0. Moreover, theta (e) Even if it was the 
corner which wore some radius of circle through the trimming process as a result of trying various processing 
conditions although the difference was between the corner which has an ideal edge, and the corner actually 
obtained industrially, it was checked that it is convenient practically. When it is going to obtain a sharp edge 
rather, a lifting and a possibility of producing an oil spillage from there are in the part on a periphery about a 
chipping. 

[0010] Thus, if a corner is prepared in a metallic material etc., it will see with easy structure, the upper contact 
angle can be raised, diffusion of the oil film by the centrifugal force will be prevented, and all troubles, such as 
cost in a means to apply an oil repellent agent which was mentioned above, dependability, and workability, will 
be canceled. 

[001 1] Moreover, by invention according to claim 2, it is theta (e) about the interior angle of a corner according 
to claim 1. When the angular strain rate of r, a shaft, and an outer case is set [ a distance radial / between the 
peripheral face of a shaft and a corner ] to omega for the radius of a and a shaft, the above-mentioned corner 
is formed so that 50/a2, and (1+costheta (e)) > r-omega 2 may be satisfied. 

[0012] That is, the corner prepared to the capillary tube seal section according to claim 1 is formed easily and 
proper by being set up so that a formula according to claim 2 may be satisfied. 

[0013] furthermore, the 2nd corner by which the corner according to claim 1 was prepared in the outside of the 
1st corner and this 1st corner in invention according to claim 3 — since — it has become. 
[0014] Thus, if the 2nd corner is used together to the 1st corner, even when lubricant will have passed the 1st 
corner, the leakage of lubricant is prevented by the 2nd corner. 

[0015] By invention according to claim 4, a corner according to claim 1 is prepared in the both sides of a shaft 
and an outer case, respectively, and it is prepared further again so that both [ these ] corners may counter 
radial. 

[0016] Thus, if it is prepared so that a corner may counter in the both sides of a shaft and an outer case, 
effective leakage prevention will be attained also to the case where the oil level has moved outside by strong 
impulse force at the time of a halt similarly while oozing and preventing **, expansion of lubricant, etc. by 
diffusion of the lubricant especially at the time of a halt etc. 

[0017] On the other hand, in invention according to claim 5, the absorption cloth for capturing lubricant on the 
outside of a corner according to claim 1 is arranged. 

[0018] Thus, since the last capture of lubricant will be performed by the absorption cloth even if it is an 
emergency case if the absorption cloth for capturing lubricant is arranged in addition to the corner, external 
scattering of lubricant is lost certainly. 

[0019] Moreover, by invention according to claim 6, it is interior angle [ of a corner according to claim 1 ] theta 
(e). It is set up within the limits of 90 degrees thru/or 160 degrees. 

[0020] Furthermore, in invention according to claim 7, the distance a radial [ between a corner according to 
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claim 1 and the peripheral face of a shaft ] is set as 0.5mm or less. 

[0021] By invention according to claim 8, the corner by the side of a shaft according to claim 4 is formed 
further again from the verge-of-opening section of the circular sulcus cut in the periphery section of a shaft. 
[0022] On the other hand, in invention according to claim 9, the corner by the side of a shaft according to 
claim 8 consists of the 1st corner formed from the edge of the one side in opening of a circular sulcus, and the 
2nd corner formed from the edge of the other side in opening in the above-mentioned circular sulcus. 
[0023] 

[Embodiment of the Invention] Hereafter, a drawing explains this invention to a detail about the operation 
gestalt applied to the so-called HDD spindle motor of a both-ends shaft cover half. First, explanation of the 
whole HDD spindle motor structure by which it was ** carried out to drawing 1 constitutes this HDD spindle 
motor from a stator group 1 as a holddown member, and a Rota group 2 as a rotation member attached from 
the illustration bottom to this stator group 1. Among these, while the stator group 1 has the frame 1 1 by which 
a screw stop is carried out to the fixed pedestal side which carried out the illustration abbreviation, the fixed 
shaft 1 2 set up by the abbreviation central part of this frame 1 1 is prolonged toward the illustration upper part. 
The screw stop of the point (illustration upper limit section) of this fixed shaft 12 is carried out to the fixed 
pedestal which omitted illustration. 

[0024] Moreover, the above-mentioned frame 1 1 has the bell shape support electrode holder 13, the stator 
core 14 is attached in the periphery of this support electrode holder 13, and the coil 15 is wound to the salient 
pole section of the stator core 1 4 concerned. 

[0025] On the other hand, said Rota group 2 has the hub 21 for supporting the predetermined record medium 
which omitted illustration, and bearing of the rotation of this hub 21 is made free to the periphery side of the 
above-mentioned fixed shaft 1 2 through the radial dynamic pressure bearings 22a and 22b of the pair arranged 
at a part for the core of the hub 21 concerned. 

[0026] While the above-mentioned hub 21 has cylindrical shape-like drum section 21a which equips the 
periphery section with magnetic-recording media, such as a magnetic disk, the inner circumference side of this 
drum section 21a is annularly equipped with drive magnet 21c through back yoke 21b. Contiguity arrangement 
of this drive magnet 21c is carried out so that it may counter annularly to the periphery end face of the stator 
core 14 mentioned above. 

[0027] Moreover, the radial dynamic pressure bearings 22a and 22b of the above-mentioned pair are formed in 
the clearance between the inner skin of the bearing sleeve 22 as an outer case fixed to the inner 
circumference side of a hub 21, and the peripheral face of the fixed shaft 12, and they are arranged so that it 
may isolate between predetermined to shaft orientations and may stand in a row in them. Opposite 
arrangement of the inner skin of a bearing sleeve 22 and the peripheral face of the fixed shaft 1 2 in the part 
which constitutes each of these radial dynamic pressure bearings 22a and 22b is carried out through the 
several micrometers clearance. 

[0028] and in the clearance between the bearing sleeves 22 and the fixed shafts 1 2 which constitute each 
above-mentioned radial dynamic pressure bearings 22a and 22b While the predetermined lubricant (illustration 
abbreviation) which consists of oil, a magnetic fluid, etc. intervenes, at least among both the opposed faces of a 
bearing sleeve 22 and the fixed shaft 12 to one side The groove is cut so that the slots 23a and 23b for radial 
dynamic pressure generating of a herringbone configuration which is illustrated may stand in a row annularly. It 
is constituted by the dynamic pressure which the pressure up of the lubricant was carried out, and dynamic 
pressure produced, and was produced by the pumping operation of the slots 23a and 23b for radial dynamic 
pressure generating to this lubricant at the time of rotation of said hub 21 so that axial support of the hub 21 
may be carried out in a radial direction. 

[0029] So that it may be compatible in the life of the lubricant concerned, and a good bearing property as the 
above-mentioned lubricant in this operation gestalt Trimethylol propane (TMP) or pentaerythritol (PE), The oil 
of the structure which esterified the straight chain or branched chain fatty acid of carbon numbers 5-18 is 
used, and the oil below 30cP(s) (at 40 **) is especially used [ the boil off rate ] for viscosity also in it below by 
10-7 g/h-cm2 (at 40 **). 

[0030] In addition, in pouring such lubricant into the interior of bearing, the motor which assembly completed is 
once put in in a vacuum chamber, and where [ the ] vacuum suction is carried out, it carries out using the 
capillary tube force or external atmospheric pressure. If it does in this way, a content air rate will become 
possible [ filling lubricant 24 with a low condition inside / whole / bearing ]. 

[0031] furthermore, the tip side (illustration upper limit side) of the above-mentioned fixed shaft 12 — on the 
way — into the part, the thrust plate 16 of the shape of a ring which constitutes two thrust dynamic pressure 
bearings 16a and 16b has fixed. Two thrust dynamic pressure bearings 16a and 16b constituted with this thrust 
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plate 16 are arranged so that the illustration bottom of radial dynamic pressure bearing 22a arranged at the 
illustration bottom may be adjoined. 

[0032] Namely, the illustration inferior-surface-of-tongue side of the above-mentioned thrust plate 16 While 
being arranged so that the illustration top end face of a bearing sleeve 22 may be met, the illustration upper 
limit side of the thrust plate 16 It is arranged so that the illustration lower limit side of the thrust pressure 
plate 25 by which the screw stop was carried out to the central part of said hub 21 may be met. The slot for 
thrust dynamic pressure generating of the herringbone configuration where illustration was omitted is formed in 
the shaft-orientations both-ends side of the thrust plate 16 which constitutes the thrust dynamic pressure 
bearings 16a and 16b concerned annular, respectively. 

[0033] moreover, into each clearance part between the opposed faces of the above-mentioned thrust plate 1 6 
and a bearing sleeve 22, and between the thrust plate 16, the thrust pressure plate 25, and opposed faces As 
the lubricant with which it filled up in radial dynamic pressure bearing 22a mentioned above and 22b continues, 
it fills up with it. It is constituted so that axial support of the hub 21 may be carried out in the thrust direction 
by the dynamic pressure which the pressure up of the lubricant was carried out, and dynamic pressure 
produced, and was produced by the pumping operation of the slot for thrust dynamic pressure generating to 
this lubricant at the time of rotation of the above-mentioned hub 21. 

[0034] Although joined to a hub 21 to the back with [ of each dynamic pressure bearing which mentioned above 
the above-mentioned thrust pressure plate 25 at this time ] a group, the joint which attends the packing 
fraction of said lubricant is only a joint by this thrust pressure plate 25, and the part of others to the packing 
fraction of lubricant was fabricated by one, and has secured sealing nature. 

[0035] The joint of this thrust pressure plate 25 and hub 21 is joined so that it may become full sealing 
structure with adhesives before impregnation of lubricant, and the sealing nature to lubricant is secured by this 
good. The capillary tube force of the annular guide rail (illustration abbreviation) formed in the joint concerned 
is filled up with the adhesives with which this joint is filled up continuously without a break over the joint 
perimeter, and sealing structure is made perfect by this. 

[0036] Moreover, the sheet metaHike stopper plate 27 is formed in the above-mentioned thrust pressure plate 
25 and the bearing sleeve 22 through the absorption cloth 26 from the outside (an illustration top and under), 
and even when the worst, external scattering of lubricant is prevented by these absorption cloth 26 and the 
stopper plate 27. 

[0037] Two radial dynamic pressure bearings 22a and 22b mentioned above and two thrust dynamic pressure 
bearings 16a and 16b A part for the shaft-orientations both ends of the bearing space which is installed so that 
a series of bearing space which extends in shaft orientations may be formed, and contains these four dynamic 
pressure bearings 16a, 16b, 22a, and 22b, That is, the two capillary tube seal sections 31a and 31b which come 
it narrow to carry out the clearance between said fixed shaft 1 2 and members 22b and 25 by the side of 
rotation are formed in the outermost edge part so that said four dynamic pressure bearings 16a, 16b, 22a, and 
22b may be pinched from shaft-orientations both sides. 

[0038] Among each of these capillary tube seal sections 31a and 31b, capillary tube seal section 31b of the 
illustration bottom is prepared in the shaft-orientations outer edge part (illustration lower limit part) of a 
bearing sleeve 22, and, more specifically, is formed by making narrow the clearance between the inner circle 
wall of the illustration lower limit part of the bearing sleeve 22 concerned, and the peripheral face of said fixed 
shaft 12. Therefore, while the narrow clearance which constitutes capillary tube seal section 31b of this 
illustration bottom is opened for free passage by the clearance which constitutes radial dynamic pressure 
bearing 22b of the illustration bottom, a crevice which expands a clearance to the free passage part of this 
capillary tube seal section 31b and radial dynamic pressure bearing 22b is not prepared. 
[0039] On the other hand, capillary tube seal section 31a of an illustration top is formed of the clearance 
between the thrust pressure plates 25 and the fixed shafts 12 which constitute thrust dynamic pressure 
bearing 16a, and is formed by making narrow the clearance between the inner circle walls of the thrust 
pressure plate 25 and the peripheral faces of the fixed shaft 12 which were mentioned above. 
[0040] Each capillary tube seal sections 31a and 31b of these illustration vertical both sides are formed in 
accordance with shaft orientations so that the narrow clearance which constitutes the capillary tube seal 
sections 31a and 31b concerned may carry out opening to a way outside the illustration upper and lower sides. 
And the inner circle wall of the thrust pressure plate 25 which has met the fixed shaft 12 side respectively so 
that the narrow clearance between each of these capillary tube seal sections 31a and 31b may be constituted, 
And the inner circle wall of the illustration bottom of a bearing sleeve 22 It is formed in the inclination wall A so 
that the dimension of the above-mentioned clearance may be continuously expanded toward the method of the 
outside of shaft orientations, and the part where the dimension of this narrow clearance expanded continuously 
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is 300 micrometers from 20 micrometers is made into the capillary tube seal sections 31a and 31b. 
[0041] Although the bearing space part between two above-mentioned capillary tube seal sections 31a 
containing four dynamic pressure bearings 16a, 16b, 22a, and 22b and 31b is continuously filled up with 
lubricant as mentioned above The location of an each oil level in the illustration vertical edge of lubricant, i.e., a 
gas-liquid interface, is set up so that it may become the internal predetermined location of each capillary tube 
seal sections 31a and 31b. 

[0042] For example, in capillary tube seal section 31a of the illustration bottom shown in drawing 2 , it applies 
to capillary tube seal section 31a from radial dynamic pressure bearing 22a of an illustration top, and fills up 
with lubricant 32 continuously, and gas-liquid interface 32a of this lubricant 32 is arranged in the location in the 
middle of the interior of the above-mentioned capillary tube seal section 31a. 

[0043] Moreover, 1st corner 25a which has an oil-repellent function is prepared in the inclination wall A of the 
thrust pressure plate 25 which is forming capillary tube seal section 31a of an illustration top over the 
perimeter. This 1st corner 25a is interior angle [ of the 1st corner 25a concerned ] theta (e) while being 
prepared in the part of an about [ a lateral part ], i.e., an illustration top, from gas-liquid interface 32a of the 
lubricant 32 mentioned above. It is set up within the limits of 90 degrees thru/or 160 degrees. 
[0044] this time — interior angle [ of corner 25a of the above 1st ] theta (e) (deg) While receiving and setting 
distance in radial [ between the peripheral face of the fixed shaft 12, and 1st corner 25a ] to a (mm) It is 
omega (rad/sec) about the angular rate of rotation of the Rota group [ as opposed to / set the radius of the 
fixed shaft 12 to r (mm), and / the fixed shaft 12 ] 2. When it carries out, corner 25a of the above 1st is 50/a2, 
and (1+costheta (e)) > Iomega 2... It is formed so that ** may be satisfied. 

[0045] Upper type ** is drawn by the operation based on the experimental result shown in drawing 3 , and 
associates the force which supports lubricant 32 with the surface tension of corner 25a of the above 1st, and 
the centrifugal force which joins lubricant 32. That is, if the centrifugal force by rotation joins the lubricant 32 
in capillary tube seal section 31a, in proportion to magnitude, lubricant 32 will serve as a configuration which 
rose in 1st corner 25a from the condition which supports lubricant 32 with surface tension by 1st corner 25a at 
the centrifugal force. And the extreme situation (the maximum condition of climax) is in the condition whose 
climax thickness in 1st corner 25a corresponds with the clearance dimension of corner 25a and the fixed shaft 
12. Therefore, in this extreme situation, if it sets up as lubricant 32 is supported by 1st corner 25a, the 
external leakage of lubricant 32 will be prevented completely. 

[0046] The force which the oil film in 1st corner 25a supports can be expressed with the surface tension 
gamma of lubricant 32, and a product with the contact angle theta. Moreover, the centrifugal force which joins 
the lubricant 32 in the extreme situation mentioned above can express the angular rate of rotation with the 
function of omega, a shaft diameter r, the clearance dimension a, and the specific gravity rho of lubricant. Since 
the surface tension gamma of common lubricant is in the range of about 25 mN(s) thru/or 30 mN/m at this 
time, if insurance is seen and value 25 mN/m of a low side is considered as central value, the obtained result 
can be applied to almost all lubricant. Since the same is said of specific gravity rho and much lubricant takes 
the value of 0.8 thru/or 1 .0, it can be made to represent with 1 .0. 

[0047] such an idea — being based — interior angle [ of 1st corner 25a ] theta (e) And (**180~degree-theta) 
Clearance a and the bearing conditions r and omega2 Relation was investigated, it asked for the diagram as 
shown in drawing 3 by an experiment and the operation, and formula [ after mentioning above from now on ] ** 
was drawn. That is, the rotational frequency of Rota in the extreme situation which drawing 3 mentioned above 
(axis of abscissa: rpm), interior angle [ of 1st corner 25a ] theta (e) (axis of ordinate: deg) relation — a shaft 
diameter r — as a parameter — asking — for example, the clearance a — 0.1mm — carrying out — interior 
angle [ of 1st corner 25a ] theta (e) If it was set as about 90 degrees It turns out that 4mm and a rotational 
frequency omega do not start [ a shaft diameter r ] an oil spillage on the bearing conditions of 15000rpm, 
either. In addition, in this operation gestalt, the distance a radial [ between 1st corner 25a and the peripheral 
face of the fixed shaft 12 ] is set as 0.5mm or less. 

[0048] Furthermore, 1st corner 25b which has the same configuration also into the lower limit part of the 
bearing sleeve 22 which is forming capillary tube seal section 31b of the illustration bottom is prepared in the 
part of an about [ a lateral part ], i.e., the illustration bottom, from the gasHiquid interface of lubricant. 
[0049] On the other hand, 2nd still more nearly another corner 25c and 25d is formed in the outside of the 
above-mentioned corners 25a and 25b through other inclination slot A' at the perimeter. Although this 2nd 
corner 25c and 25d does not satisfy the formula mentioned above, even if lubricant should not be stood by the 
1st corner 25a and 25b mentioned above, either, the lubricant transmitted in inclination wall surface A' is 
constituted so that external leakage may be prevented with corner [ 2nd /c / 25 / and 25d ] surface tension. 
[0050] clear from formula ** mentioned above — as — interior angle [ of 1st corner 25a ] theta (e) In many 
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cases, it can be set as an obtuse angle 90 degrees or more by setup of Clearance a and a shaft diameter r, and 
the 2nd corner 25c and 25d of the above can be formed by this. Interior angle [ of 1st corner 25a ] theta (e) If 
are set up correctly and the external leakage of lubricant will be original, it does not occur, but when the initial 
injection rate of lubricant was not proper, or when the big impulse force beyond original spec, is added, there is 
a possibility of producing external leakage. Since a disk will be soiled and impossible invitation of operation may 
be carried out, when it leaks out of a motor even if it is the lubricant of a minute amount in using for the drive 
of a hard disk especially, even if it is the case where the external force more than spec, is added even if, it is 
desirable by forming such 2nd corner 25c and 25d to consider as the structure of preventing the external 
leakage of lubricant. 

[0051] Although the 2nd corner 25c and 25d is formed from such a viewpoint, since it is thought that the 
lubricant which begins to leak to this 2nd corner 25c and 25d is little, it is not necessary to give a constraint 
strong against this 2nd corner 25c and 25d, therefore a corner [ 2nd /c / 25 / and 25d ] interior angle can be 
set as a comparatively big include angle. 

[0052] Moreover, in addition to the 1st Corners 25a and 25b and 2nd corner 25c and 25d which were prepared 
in the outer case side 25, i.e., thrust pressure plate, and bearing-sleeve 22 side, with the operation gestalt 
mentioned above, the 1st Corners 12a and 12b and 2nd corner 12c and 12d are prepared also in the fixed shaft 
12 side. The 1st Corners 12a and 12b and 2nd corner 12c and 12d by the side of these fixed shaft 12 are 
formed of the opening edge of circular-sulcus 12e cut in the periphery section of the fixed shaft 12. 
[0053] the 1st corner 25a and 25b by which the 1st Corners 12a and 12b and 2nd corner 12c and 12d by the 
side of the above-mentioned fixed shaft 12 were prepared in the thrust pressure plate 25 and bearing-sleeve 
22 side at this time, and the 2nd corner 25c and 25d — respectively — ** — abbreviation — it is arranged in 
the same height location, and as each counters radial, it is prepared by this. 

[0054] According to thus, the surface tension operation of the 1st corner 25a and 25b which was prepared in 
the capillary tube seal sections 31a and 31b according to this operation gestalt equipment The lubricant 32 
which is going to flow out along with the inclination wall surface of the capillary tube seal sections 31a and 31b 
is held in the 1st corner 25a and 25b of the above, and the seal function of the capillary tube seal sections 31a 
and 31b is maintained good. 

[0055] In addition, in the hydrodynamic bearing equipment already known, some the corner and the like are 
indicated to be are in the inclined plane which constitutes the seal section. For example, the inclined plane of 
the seal section is adjoined, the sulculus is formed in JP,58~50321 ,A, and the corniform part is formed in the 
edge of an inclined plane of the edge of the sulculus. However, according to the explanation in the official 
report concerned, lubricant collects, and this sulculus constitutes the section and has the lubricant supply 
function to an inclined plane. Therefore, the corniform edge in this sulculus is interior angle theta (e) which 
does not prevent lubricant flow like the corner of the invention in this application, and was moreover expressed 
with formula **. It is not satisfied, either. 

[0056] The 1st corner 25a and 25b prepared in such the capillary tube seal sections 31a and 31b is formed 
easily and proper by being set up so that formula ** mentioned above may be satisfied. 

[0057] Furthermore, if the 2nd corner 25c and 25d is arranged on the outside of the 1st corner 25a and 25b, 
even when lubricant 32 will have passed the 1st corner 25a and 25b like the above-mentioned operation 
gestalt, the leakage of lubricant is certainly prevented by the 2nd corner 25c and 25d. 

[0058] Since the 1st Corners 12a and 12b and 2nd corner 12c and 12d are prepared also in the fixed shaft 12 
side with this operation gestalt further again as the 1 st corner 25a and 25b of the above and the 2nd corner 
25c and 25d are countered Effective leakage prevention is attained also to the case where the oil level of 
lubricant 32 has moved outside by strong impulse force at the time of a halt similarly while oozing and 
preventing **, expansion of lubricant, etc. by diffusion of the lubricant 32 especially at the time of a halt etc. In 
this case, since the 2nd corner 12c and 12d of the above is formed in two places, the pars basilaris ossis 
occipitalis of circular-sulcus 12e, and a shaft surface, after the leakage of the lubricant which has passed the 
1st corner by these two corners is first prevented by the corner by the side of a pars basilaris ossis occipitalis, 
it is further prevented good by the corner by the side of a shaft surface. 

[0059] At this time, it is not easy to form each corner mentioned above so that it may have an ideal edge. In 
order to raise the contact angle of lubricant, although the more sharp one of finishing of a corner is desirable, if 
there are the weld flash 41 as shown in drawing 4 (a), a chip, etc., the capillary tube force strong against the 
part will act, and it will become an opposite effect on the contrary. The following can be considered as an 
example of processing which can mass-produce stably and can acquire an effective contact angle. 
[0060] First, trimming becomes indispensable when cutters, such as ball-race processing, are used. When 
beveling 42 is performed as a trimming means in this case as shown in drawing 4 (b) although there were a 
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barrel, beveling, etc., it is the apparent include angle theta 1. It receives and is the effective include angle theta 
2. It will become small. Moreover, when barrel processing 43 is performed as shown in drawing 4 (c). a corner is 
roundish and evaluation of an effective include angle becomes difficult. In this case, although effect was 
received also in the roughness of the field which constitutes a corner, if radius of curvature was about 0.1mm, 
the difference with an apparent include angle was small, and it was checked practically that it is satisfactory. 
Moreover, what is necessary is just to make 0.1mm or less similarly to the radius of curvature by the side of 
metal mold, when fabricating using metal mold, such as injection molding and forging. 

[0061] In addition, with this operation gestalt, since the absorption cloth 26 for carrying out the last capture of 
the lubricant 32 is arranged in addition to each above-mentioned corners 25a, 25b, 25c, 25d, 12a, 12b, 12c. and 
12d and the last capture of lubricant 32 is performed by the absorption cloth 26 even if it is an emergency 
case, external scattering of lubricant 32 is lost certainly. 

[0062] On the other hand, with the operation gestalt shown in drawing 5 , circular-sulcus 25e is formed in the 
inclination wall B by the side of [ 25 ] an outer case (i.e., a thrust pressure plate), and the 1st 25f of corners 
and 25g of the 2nd corner are formed of the double door peristome of this circular-sulcus 25e. moreover, like 
the operation gestalt mentioned above, circular-sulcus 12e is formed also in the fixed shaft 12 side, and the 
1st corner 12a and 2nd corner 12c form by the double door peristome of the circular-sulcus 12e — having — 
**** — these every — the 1 st Corners 25f and 1 2a and 2nd corner 25g and 1 2c — abbreviation — it is 
arranged so that it may counter radial in the same height. Also in such operation gestalt equipment, the same 
operation and effectiveness as the above-mentioned operation gestalt can be acquired, and the 2nd corner 25g 
and 12c has the operation already explained in drawing 2 at this time. 

[0063] Moreover, the operation gestalt shown in drawing 6 applies this invention to thrust bearing, the thrust 
plate 45 fixed to the shaft 42 is arranged so that shaft orientations may be met to the thrust supporting plate 
46, and thrust dynamic pressure bearing is formed in the clearance between both [ these ] the members 45 and 
46. Opposite arrangement of the thrust plate 45 and the thrust supporting plate 46 in the part which 
constitutes this thrust dynamic pressure bearing is carried out through the several micrometers clearance, and 
while the predetermined lubricant 52 which consists of oil, a magnetic fluid, etc. intervenes in the clearance 
concerned, the slot for thrust dynamic pressure generating of a predetermined configuration is annularly cut in 
one side at least among both the opposed faces of the thrust plate 45 and the thrust supporting plate 46. And 
it is constituted so that axial support of the thrust direction may be performed by the dynamic pressure which 
the pressure up of the lubricant 52 was carried out by the pumping operation of the slot for thrust dynamic 
pressure generating at the time of rotation, and dynamic pressure produced, and was produced by this 
lubricant. 

[0064] Capillary tube seal section 41a which comes it narrow to carry out the clearance between said thrust 
plates 45 and thrust supporting plates 46 is prepared in the outermost edge part of the bearing space 
containing this thrust dynamic pressure bearing. The thrust plate 45 which constitutes this capillary tube seal 
section 41a has the inclination wall C, and the dimension of the above-mentioned clearance is continuously 
expanded to the method of the outside of radial in ******** with this inclination wall C. 52a is set as the 
internal predetermined location of the above-mentioned capillary tube seal section 41a for the oil level of 
lubricant 52, i.e., a gas-liquid interface. 

[0065] And circular-sulcus 46a is cut in the wall surface of the thrust supporting plate 46 which is forming the 
above-mentioned capillary tube seal section 41a, and the 1st corner 46b and 2nd corner 46c are formed of the 
double door peristome of this circular-sulcus 46a. 

[0066] According to such operation gestalt equipment, according to a surface tension operation of the 1st 
corner 46b prepared in capillary tube seal section 41a, and 2nd corner 46c The lubricant 52 which is going to 
flow out along with the inclination wall surface of capillary tube seal section 41a is held in 1st corner of the 
above 46a, and 2nd corner 46c, and the seal function of capillary tube seal section 41a is maintained good. 
[0067] As mentioned above, although the operation gestalt of invention made by this invention person was 
explained concretely, it cannot be variously overemphasized in the range which this invention is not limited to 
the above-mentioned operation gestalt, and does not deviate from the summary that it is deformable. 
[0068] For example, although the corner is prepared in the both sides of the shaft which forms the clearance 
between dynamic pressure bearings, and an outer case with the operation gestalt mentioned above, preparing 
only in any or one side is also possible. 

[0069] Moreover, although the operation gestalt mentioned above applies this invention to the so-called motor 
of an axial cover half, this invention is applicable similarly to the motor of an axial rotation mold. 
[0070] This invention can be similarly applied further ag;ain to the hydrodynamic bearing equipment used in 
addition to the HDD motor mentioned above. 


http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 


2004/05/07 


8/8 ^— v 


[0071] 

[Effect of the Invention] The shaft which forms the clearance between dynamic pressure bearings as stated 
above, and an outer case at least this invention to one side Prepare the corner which has an oil-repellent 
function at least in a lateral part from the gas-liquid interface of lubricant, and the lubricant which is going to 
flow out along with the inclination wall surface of the capillary tube seal section according to a surface tension 
operation of this corner is held in a corner. Since it constitutes so that the seal function of the capillary tube 
seal section may be maintained good, with structure [ that it is simple and low cost ] Reinforcement can be 
attained preventing lubricant leakage good, moreover the applicability of hydrodynamic bearing equipment can 
be expanded, and the dependability of hydrodynamic bearing equipment can be raised by leaps and bounds. 
[0072] And such a corner can be formed easily and proper by setting up so that a formula according to claim 2 
may be satisfied. 

[0073] Furthermore, if the 2nd corner which has an oil-repellent operation on the outside of a corner according 
to claim 1 is used together like invention according to claim 3, even when lubricant will have passed the 1st 
corner, the leakage of lubricant is certainly prevented by the 2nd corner, and the effect of the invention 
concerning claim 1 mentioned above can be raised further. 

[0074] Like invention according to claim 4, if it prepares so that the both sides of a shaft and an outer case 
may be countered in a corner, while being based on diffusion of the lubricant especially at the time of a halt 
etc., oozing and preventing **, further again The effect of the invention concerning claim 1 which became 
possible and mentioned effective leakage prevention above also to the case where the oil level has similarly 
moved outside by the strong impulse force at the time of a halt, expansion of lubricant, etc. can be raised 
further. 

[0075] On the other hand, like invention according to claim 5, since the last capture of lubricant will be 
performed by the absorption cloth even if it is an emergency case if the absorption cloth for capturing lubricant 
is arranged in addition to the corner mentioned above, external scattering of lubricant is lost certainly. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is a cross-section explanatory view showing an example of the HDD spindle motor equipped with 
the hydrodynamic bearing equipment concerning 1 operation gestalt of this invention. 

[Drawing 2] It is the cross-section explanatory view which expanded and expressed the important section of 
this invention. 

[Drawing 3] The force which supports lubricant with the surface tension of a corner, and the centrifugal force 
which joins lubricant are associated, and it is interior angle [ of a corner ] theta (e). It is a diagram showing the 
experimental result which investigated relation with bearing conditions. 

[Drawing 4] It is a cross-section explanatory view explaining the processing condition of a corner. 

[Drawing 5] It is a cross-section explanatory view showing the important section of the hydrodynamic bearing 

equipment concerning other operation gestalten of this invention of drawing 2 . 

[Drawing 6] It is a cross-section explanatory view showing the important section of the hydrodynamic bearing 
equipment concerning the operation gestalt of further others of this invention of drawing 2 . 
[Description of Notations] 
12 Fixed Shaft 

22 Bearing Sleeve (Outer Case) 

25 Thrust Pressure Plate 

12a, 12b. 25a, 25b, 25f, 46b The 1st corner 
12c, 12d, 25c, 25d, 25g, 46c The 2nd corner 

26 Absorption Cloth 

31a, 31b, 41a Capillary tube seal section 

32 52 Lubricant 

32a, 52a Gas-liquid interface 
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DRAWINGS 


[Drawing 1] 



[Drawing 5] 
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[Drawing 6] 



[Translation done.] 


http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgLejje 


2004/05/07 


1/2 V 


* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CORRECTION OR AMENDMENT 


[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 5th section 
[Publication date] February 23, Heisei 13 (2001. 2.23) 

[Publication No.] JP,1 0-731 26,A 

[Date of Publication] March 17, Heisei 10 (1998. 3.17) 
[Annual volume number] Open patent official report 10-732 
[Application number] Japanese Patent Application No. 8-247009 
[The 7th edition of International Patent Classification] 

F16C 17/04 
[FI] 

F16C 17/04 A 
[Procedure revision] 

[Filing Date] October 26, Heisei 11 (1999. 10.26) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0030 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0030] In addition, in pouring such lubricant into the interior of bearing, the motor which assembly completed is 

once put in in a vacuum chamber, and where [ the ] vacuum suction is carried out, it carries out using the 

capillary tube force or external atmospheric pressure. If it does in this way, a content air rate will become 

possible [ filling lubricant with a low condition inside / whole / bearing ]. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0039 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0039] On the other hand, capillary tube seal section 31a of an illustration top is formed of the clearance 

between the thrust pressure plates 25 and the fixed shafts 1 2 which constitute thrust dynamic pressure 

bearing 16b, and is formed by making narrow the clearance between the inner circle walls of the thrust 

pressure plate 25 and the peripheral faces of the fixed shaft 12 which were mentioned above. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0045 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0045] Upper type ** is drawn by the operation based on the experimental result shown in drawing 3, and 
associates the force which supports lubricant 32 with the surface tension of corner 25a of the above 1st, and 
the centrifugal force which joins lubricant 32. That is, if the centrifugal force by rotation joins the lubricant 32 
in capillary tube seal section 31a, in proportion to the magnitude of the centrifugal force, lubricant 32 will serve 
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as a configuration which rose in 1st corner 25a from the condition which supports lubricant 32 with surface 

tension by 1st corner 25a. And the extreme situation (the maximum condition of climax) is in the condition 

whose climax thickness in 1st corner 25a corresponds with the clearance dimension of corner 25a and the 

fixed shaft 12. Therefore, in this extreme situation, if it sets up as lubricant 32 is supported by 1st corner 25a, 

the external leakage of lubricant 32 will be prevented completely. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0049 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0049] On the other hand, 2nd still more nearly another corner 25c and 25d is formed in the outside of the 

above-mentioned corners 25a and 25b through other inclination slot A r at the perimeter. Although this 2nd 

corner 25c and 25d does not satisfy the formula mentioned above, even if lubricant should not be stood by the 

1st corner 25a and 25b mentioned above, the lubricant transmitted in inclination wall surface A' is constituted 

so that external leakage may be prevented with corner [ 2nd /c / 25 / and 25d ] surface tension. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0074 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0074] If it prepares so that the both sides of a shaft and an outer case may be countered in a corner, while 
being based on diffusion of the lubricant especially at the time of a halt etc., oozing and preventing ** like 
invention according to claim 4 further again, Effective leakage prevention can be attained also to the case 
where the oil level has similarly moved outside by the strong impulse force at the time of a halt, expansion of 
lubricant, etc., and the effect of the invention concerning claim 1 mentioned above can be raised further. 
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